quinoline-4,5-diones. The structure of the synthesized compounds were characterized by NMR spectroscopy, mass-spectrometry and elemental analyses.
Introduction
Condensed 1,2-dithiol-3-thiones represent an important class of organic compounds due to their wide spectrum of reactivity in diverse reaction types. [1] [2] [3] [4] In particular, the 1,2-dithiol-3-thiones (or their salts) react with the N-nucleophiles with cycle cleavage and / or with substitution of one of the exo-or endocyclic sulfur atoms. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Basically, the reaction with primary aliphatic and aromatic amines tends not to be selective and leads to a mixture of 1,2-dithiol-3-imines and 1,2-thiazol-3-thiones, which exist in the "dynamic isomerism" due to transformation by Dimroth-type rearrangement. [11] [12] [13] [14] [15] [16] Although we did not find any information about reactions of 4,5-dihydro-4,4-dimethyl-1H-1,2-dithiolo [3,4-c] quinoline-1-thiones 1 with amines, the reaction of their methylthio-dithiolium salts 2 with arylamines has been described earlier. 17 According to the author, the salts 2a,b reacted with p-phenetidine in boiling ethanol with loss of a methyl mercaptan molecule to form a substituted 1,2-dithiol-3-imines 3a,b. 17 As a result of this reaction, only two products were obtained with relatively low yields and their structure only being confirmed by elemental analysis. Later, one more compound 3с was synthesized by a similar reaction of methylthio-dithiolium salt 2a with aniline. IR spectroscopy was then used as an additional method in order to prove the structure. 18 However, this data is not sufficient to identify unequivocally the obtained products as 1,2-dithiol-3-imines 3a-c, and not as isomeric 3-isothiazol-thiones 4a-c (Scheme 1). Moreover, the low yields might be related to non-selectivity of the reaction, proceeding either on the exo-atom of sulfur or on endo-atom. No information about the synthesis of 4,4-dimethyl-2-aryl-4,5-dihydroisothiazolo [5,4-c] quinoline-1(2H)-thione 4 has been found in the literature. Although the possibility of dithiole cycle's endo-sulfur substitution by a nitrogen atom has been shown, 19 the interaction of methylthio-dithiolium salt 2c with o-phenylenediamine yielding imidazathiazol 5 has been cited as the only example (Scheme 1). Thus, there is still no conclusive evidence that in the reaction of methylthio-dithiolium salts with arylamines the attack of amino groups targets exclusively the exo-sulfur atom. Therefore, the exact determination of the reaction products structure and chemical properties are of current interest.
Results and Discussion
In order to extend our studies of 1,2-dithiolo[3,4-c]quinoline-1-thione chemistry [20] [21] [22] [23] [24] , we have carried out the reactions of 1,2-dithiolothiones 1 and their methylthiodithiolium salts 2 with arylamines. In addition, we optimized the conditions of the latter reaction, convincingly proved the structure of the resulting products and studied their chemical properties in the reaction of acylation by oxalyl chloride. Reaction of 1,2-dithiolothiones 1 and their methylthiodithiolium salts 2 with arylamines. We have found that dithiolothiones 1b-c do not react with arylamines in the absence of basic catalysts. When an alcoholic or aqueous solution of alkali was used, the reaction mixture turned into black tar. This is probably related to side reactions with the dithiol cycle cleavage. 17 Traces of the condensation product barely appeared in the reaction mixture even after long refluxing (more than 20 hours) of equimolar amounts of reagents in alcohol in the presence of excess pyridine or catalytic amounts of DMAP. Increasing of refluxing time (up to 100 hours) leads to decomposition of the reaction mass. Due to the good leaving group, the side processes for the corresponding iodides 2 were avoided. Thus, the optimal conditions for such interaction were refluxing of the equimolar amounts of reagents in an absolute isopropyl alcohol and in the presence of a two-fold molar excess of pyridine for 2-3 hours. It was found that the reaction proceeds selectively with the substitution of the exo-atom of sulfur to form the earlier unknown
amines 3d-i with quantitative yields (Scheme 2). Interestingly, the presence of bulky substituents in aryl amine, the position and the electronic properties of the substituent had no significant effect on the reaction time or product yield. We could not engage the endo-atom of sulfur in the reaction under any conditions. Increasing refluxing time up to 20 hours or using an excess of arylamine (up to 2.5 fold) leads to decomposition of the reaction mass, while increasing the temperature (by changing the solvent to 1-butanol) results in decrease of product yield along with the decomposition of starting iodomethylates 2b-c to the corresponding 1,2-dithiol-3-thiones 1b-c.
-c]quinoline-1(2H)-thiones 4 by Dimroth-type rearrangement through the formation of intermediate ions 3'and 4' were also unsuccessful (Scheme 2). We found that the 1,2-dithiol-3-imines fragment of compounds 3d-i was resistant to a basic environment (treatment with aqueous alkali for 40 h) as well as to an acidic medium (heating at 40-50 °C for 20 h in alcoholic solution with an excess of hydrochloric acid). The stability of the dithiol cycle is obviously related to arylimino group polarity decline due to conjugation with condensed dihydroquinolines cycle. i-PrOH + pyridine, reflux, 2-3 h PhMe, reflux 2-3 h
Structure confirmation. The structure of compounds 3 and 6 were unambiguously proved by 1 H and 13 C NMR spectroscopy and by mass spectrometry. 12, 27 , have allowed us to assign them the structure of 1,2-dithiol-3-imines 3d-i instead of isomeric isothiazol-3-thiones 4. The peaks of molecular ion-radicals of medium and high intensity are observed in the mass spectra (EI) of imines 3d-i. The fragment ions of compounds 3d, fi, formed by cleavage of methyl radical from molecular ion-radicals, are the peaks possessing maximum intensity (I rel =100%). This kind of elimination is characteristic for disintegration of molecular ions of hydroquinoline derivatives with gem-dimethyl group in the second position. 28 As for compound 3e, it is the fragment ion, formed by elimination of methyl and substituted benzyl radicals, which has the maximal intensity (I rel =100%), and not the molecular ion-radical (I rel =87%). It is interesting to note that the spectra of all synthesized compounds contain ion peaks of varying intensity (from I rel =5% to I rel =14%), formed by sequential elimination of methyl radical and corresponding aryl-isocyanide molecule from molecular ionradicals, which confirms additionally the assigned structure. No secondary amino group proton signal is found in the 1 H NMR spectra of pyrroldiones 6a-f (comparing to starting compounds 3d-i), while a characteristic set of aromatic protons signals (though reduced by one proton) is still observed in the corresponding area. The 13 C-NMR spectra contain the signals of two carbon atoms (from carbonyl groups) at 161-164 ppm and 182-183 ppm. The mass spectra of compounds 6a-f reveal the peaks of molecular ion-radicals with intensity from low (for 6a-e) to maximal (for 6f) (I rel =14-100%). Their fragmentation occurs mostly by simultaneous elimination of methyl radical and CO molecule (for compounds 6a, c-f), preceded by substituted benzyl radical elimination in the case of the compound 6b. 
Conclusions

Experimental Section
General. Melting points were determined on a PTP-M apparatus. The 1 H and 13 C NMR spectra were recorded on a Bruker AM-400 spectrometer in DMSO-d6 at 400 and 100 MHz, respectively. TMS was used as the internal standard. Mass spectra were recorded on a Finnigan MAT Incos 50 instrument with direct introduction of sample into the ion source at 100-150 °C, with EI ionization and accelerating voltage of 70 eV.
The results of elemental analysis for the obtained compounds correspond to calculated data (Perkin Elmer 2400). The reactions were monitored and the purity of the products were checked by TLC with Silufol UV-254 (silica gel STC-1A as the sorbent) using chloroform as the mobile phase. The starting 8-R-7-R'-4,4-dimethyl-1-methylthio-4,5-dihydro [1, 2] dithiolo [3,4-c] quinoline iodides 2b-e were synthesized according to known procedures.
17
General procedure for the synthesis of (8-R-7-R'-4,4-dimethyl-4,5-dihydro-1H-[1,2]dithiolo[3,4-c]quinolin-1-ylidene)(4(2)-R"-phenyl)amines (3d-i).
A solution of iodides 2b-e (1 mmol) and arylamine (1 mmol) was refluxed in a mixture of absolute isopropyl alcohol (10 mL) and pyridine (1.6 mL) for 2-3 hours until no more evolution methyl mercaptan was observed. The solvent was removed using the rotary evaporator, the solid product was crystallized from isopropyl alcohol. Ethoxy-4,4-dimethyl-4,5-dihydro-1H-[1,2]dithiolo[3,4-c]quinolin-1-ylidene)[4-[(4-chlorobenzyl) 4,4,8-Тrimethyl-4,5-dihydro-1H-[1,2]dithiolo[3,4-c]quinolin-1-ylidene)(4-ethoxycarbonylphenyl) 1,2]dithiolo[3,4-c]pyrrolo[3,2,1-ij]quinoline-4,5-diones (6a-f) . Oxalyl chloride (1,1 mmol) was added
